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(57) ABSTRACT

In a mobile communication system of the present invention, a
base station apparatus and mobile station apparatus (user
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component carriers and a plurality of uplink component car-
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apparatus (user device) transmit a scheduling request for
requesting uplink resource for the uplink data to the base
station apparatus using a physical uplink control channel
(PUCCH) only on a specific uplink component carrier of the
plurality of uplink component carriers.

5 Claims, 10 Drawing Sheets

Pal

102a

105

o7 DOMLLINK BASIC BANDHIDTH
ALLOGATED T0 USER DEVIGE

] DOWNLINK BASIC BANDWIDTH NOT
ALLOCATED TO USER DEVICE




US 9,191,165 B2
Page 2

(56) References Cited
U.S. PATENT DOCUMENTS

2002/0159410 Al
2006/0013156 Al
2006/0268983 Al
2007/0086367 Al

10/2002 Odenwalder et al.
1/2006 Miyoshi et al.
11/2006 Kwon et al.
4/2007 Sung et al.
2007/0098098 Al 5/2007 Xiao et al.
2007/0115796 Al 5/2007 Jeong et al.
2007/0230397 Al* 10/2007 Sakata ................... 370/329
2008/0031179 Al 2/2008 Gao et al.
2008/0316959 Al* 12/2008 Bachletal. ........c.......... 370/329
2009/0028260 Al 1/2009 Xiao et al.

FOREIGN PATENT DOCUMENTS

JP 2007-68180 A 3/2007

JP 2009-514359 A 4/2009

WO WO 98/37706 A2 8/1998

WO WO 2006/118434 A1 11/2006

WO WO 2007/053403 A2 5/2007

WO WO 2007/109917 A1 10/2007
OTHER PUBLICATIONS

3GPP TR 36.913 V8.0.0 (Jun. 2008), 3rd Generation Partnership
Project; Technical Specification Group Radio Access Network;
Requirements for Further Advancements for E-UTRA (LTE-Ad-
vanced),* (Release 8).

3GPP TS 36.211 V8.3.0 (May 2008), 3rd Generation Partnership
Project; Technical Specification Group Radio Access Network;
Evolved Universal Terrestrial Radio Access (E-UTRA); Physical
Channels and Modulation; (Release 8).

3GPP TS 36.213 V8.3.0 (May 2008); 3rd Generation Partnership
Project; Technical Specification Group Radio Access Network;
Evolved Universal Terrestrial Radio Access (E-UTRA); Physical
layer procedures; (Release 8).

Ericsson, “Carrier aggregation in LTE-Advanced”, TSG-RAN WG1
#53bis, R1-082468, Warsaw, Poland, Jun. 30-Jul. 4, 2008.

NTT DoCoMo, Inc., “Proposals for LTE-Advanced Technologies”,
3GPP TSG RAN WG1 Meeting #53, R1:081948, Kansas City, USA,
May 5-9, 2008.

Panasonic, NEC Group, “Correction of subscripts in TS 36.213 sec-
tion 7.2.2”, 3GPP TSG-RAN WGI1 Meeting #53bis, R1-082418,
Warsaw, Poland, Jun. 30-Jul. 4, 2008.

3GPP, 3rd Generation Partnership Project; Technical Specification
Group Radio Access Network; Evolved Universal Terrestrial Radio
Access (E-UTRA); Physical layer procedures (Release 8), 3GPP TS
36.213 V8.8.0, Sep. 2009, 78 pages.

3GPP, 3GPP TS 36.213 V8.2.0 (Mar. 2008), “3rd Generation Part-
nership Project; Technical Specification Group Radio Access Net-
work; Evolved Universal Terrestrial Radio Access (E-UTRA); Physi-
cal layer procedures (Release 8),” Mar. 2008, 30 pages.
International Preliminary Report of Patentability (PCT/IPEA/409)
dated Apr. 9, 2010 for International Application No. PCT/JP2009/
058206 with English translation.

International Search Report (PCT/ISA/210) dated May 26, 2009 for
International Application No. PCT/JP2009/058206,.

Motorola, “Set S for CQI Feedback”, 3GPP TSG RAN1#52bis,
R1-081312, Shenzhen, China, Mar. 31-Apr. 4, 2008, 1 page.
Motorola, “Update of TS36.213 according to changes listed in cover
sheet,” 3GPP TSG-RAN WGI1 Meeting #52, R1-081158, Sorrento,
Italy, Feb. 11-15, 2008, pp. 1-27.

NEC Group, “A Proposal for Set S”, TSG-RAN WG1 #52 bis,
R1-081564, Shenzhen, China, Mar. 31-Apr. 4, 2008, 2 pages.
Panasonic, “Effect of set S on CQI reports”, 3GPP TSG-RAN WG1
Meeting #52bis, R1-081202, Shenzhen, China, Mar. 31-Apr. 4, 2008,
pp. 1-3.

Sharp, “Considerations on Set S”, 3GPP TSG-RAN WGI1#53,
R1-081763, Kansas City, Missouri, USA, May 5-9, 2008, pp. 1-2.
U.S. Notice of Allowance dated Mar. 19, 2013 for U.S. Appl. No.
12/989,030.

U.S. Office Action dated Jan. 11,2013 for U.S. Appl. No. 12/989,030.
European Search Report issued in Furopean Application No.
09806717.6 on Jun. 6, 2014.

* cited by examiner



US 9,191,165 B2

Sheet 1 of 10

Nov. 17, 2015

U.S. Patent

301A3Q ¥3sn 0L d431vVo0TIv
10N HLAIMANYE D1SVE MNIINMOA

301A30 434SN 01 A3LVO0TIV
HLAIMANYE D1S¥E MNIINMO

[ ]
72

&:4 |
] Bkzaiz |

GG ¥G €5 ¢§ 1§

i e e e e\

HLAIMANYE WLSAS MNITINMOQ 9201~

NOILVLS 3SVE:101—

9201~
(22

I "Old



U.S. Patent Nov. 17, 2015 Sheet 2 of 10 US 9,191,165 B2

FIG. 2
102
USER DEVIGE )
jt 101
' BASE STATION
SEWDING/ | 1010
RECEIVING
SECTION
RESOURGE_ | 1011 RESOURGE_ ] 1013
ALLOCAT I ON SCHEDUL ING
SECTION TRANSHI S 1ON
| OPTMIZING
seqoEnce 1/ 1012 C,
| ALLOGATION
SECTION
FIG. 3

101
BASE STATION I~

:iE: 102

USER DEVIGE

SENDING/  |1020
—  RECEIVING
SECTION

FEEDBAGK ~ [,1021
INFORMAT | ON
GENERATION SECTION

| INFORMATION |r1022
FEEDBACK SEGTION




U.S. Patent

FIG. 4

Nov. 17, 2015

C START )
’l 5401

Sheet 3 of 10

BASE STATION DIVIDES DOWNL INK
SYSTEM BANDWIDTH INTO A PLURALITY
OF DOWNLINK BASIC BANDWIDTHS, AND
INFORMS SETTING INFORMATION TO EACH
USER DEVICE I[N WIRELESS CELL OF
BASE STATION.

5402

l 404

BASE STATION ALLOCATES UPLINK
CONTROL GHANNEL PUGCGH RESOURGE
BLOCKS TO EACH UPLINK BASIGC
BANDWIDTH.

USER DEVICE DETEGTS EACH OF
CORRESPONDING DOWNLINK BASIC
BANDWIDTHS, AND OBTAINS UPLINK
CONTROL SIGNALING INFORMATION TO BE
FED BACK, IN EACH OF CORRESPONDI!NG
DOWNL INK BASIC BANDWIDTHS.

l 5403

l 5405

BASE STATION CARRIES OUT ALLOCATION
OF SEQUENCES OF PUCCH RESOURCE IN
UPLINK BASIC BANDWIDTH ON THE BASIS
OF THE NUMBER OF DOWNLINK BASIGC
Eé@?géDTHS ALLOCATED TO EACH USER

USER DEVICE DETERMINES UPLINK
CONTROL GHANNEL PUGCH FORMAT ON
THE BASIS OF GONTENT OF FEEDBACK
INFORMAT ION.

l 5406

USER DEVICE MAPS SEQUENGES ASSOGIATES
SEQUENGES ALLOCATED TO GORRESPONDING
DOWNL INK BASIG BANDWIDTHS WITH FEEDBACK
INFORMATION IN CORRESPONDING DOWNL INK
BAS|C BANDWIDHTS, MAPS SEQUENGES ON
CORRESPOND [NG UPL INK RESOURCE SO AS TO
EEEQIEQCK FEEDBACK INFORMATION TO BASE

i 8407

BASE STATION OBTAINS FEEDBACK
INFORAMT1ON OF EACH USER DEVICE,
AND OPTIMIZES RESOURCE
SCHEDUL ING OF DOWNLINK USER DATA
AND DOWNL INK TRANSMISSION.

US 9,191,165 B2




U.S. Patent Nov. 17, 2015 Sheet 4 of 10 US 9,191,165 B2

FIG. 5
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FIG. 9
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FIG. 10
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BASE STATION, USER DEVICE,
COMMUNICATION SYSTEM, METHOD FOR
CONTROLLING BASE STATION, METHOD
FOR CONTROLLING USER DEVICE,

METHOD FOR CONTROLLING

COMMUNICATION SYSTEM, PROGRAM,
AND STORAGE MEDIUM

TECHNICAL FIELD

The present invention relates to a technical field of wireless
communication, particularly, a base station, a user device, a
communication system, a method for controlling a base sta-
tion, a method for controlling a user device, a method for
controlling a communication system, a program, and a stor-
age medium, each of which is LTE (Long-Term Evolution)-
Advanced compatible.

BACKGROUND ART

In recent years, a personal communication device has been
miniaturized and diversified significantly with a field of per-
sonal communication rapidly developed. Various data ser-
vices, such as multimedia information, online gaming, video-
on-demand, music download, and mobile TV, have been
provided and personal demand for communication and enter-
tainment seems to be substantially satisfied with them. Under
the circumstances, a main problem of a next-generation
mobile communication system would be how to provide a
user with a higher peak velocity and a wider system frequency
band.

Atthe 53rd meeting of 3GPP RANT1, held in Kansas City in
the U.S. on May 5-9, 2008, by 3GPP (the 3rd Generation
Partner Project) which is an international organization for
standardization, requirements for LTE-Advanced and pos-
sible propositions related to the LTE-Advanced were dis-
cussed. After the meeting, “TR36.913v8.0.0, Requirements
for Further Advancements for E-UTRA (LTE-Advanced)”
was submitted and adopted, in which it is clearly stated that
the LTE-Advanced system having a maximum system fre-
quency band of 100 MHz should be supported. In addition, a
great number of companies proposed, at the meeting, that an
uplink system bandwidth narrower than a downlink system
bandwidth should be supported (see Non Patent Literature 1,
for example).

This proposition, however, gives rise to a problem that the
uplink system bandwidth and the downlink system band-
width of the LTE-Advanced system would be different in size
from each other. As to a conventional LTE system, the uplink
system bandwidth and the downlink system bandwidth are
equal in size to each other, and the maximum system band-
width is 20 MHz. The conventional LTE system has thus
allowed its LTE base station to accurately acquire, from an
LTE user device (mobile station terminal), uplink control
signaling in a downlink bandwidth occupied by the LTE user
device (i.e. downlink control signaling related to uplink con-
trol information, also called “DCI (Downlink Control Infor-
mation) format 0”). In contrast, the LTE-Advanced system
employs the uplink system bandwidth and the downlink sys-
tem bandwidth which are asymmetric to each other. Thus, it
has been required a novel method for feeding back the uplink
control signaling to the base station.

Further, one of the above requirements for the LTE-Ad-
vanced is compatibility between the LTE-Advanced system
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2

and a conventional LTE user device, that is, operation of LTE
and LTE-Advanced should be possible in the same frequency
spectrum.

CITATION LIST
Non Patent Literature 1

R1-082468 “Carrier aggregation in LTE-Advanced,” Eric-
sson, 3GPP TSG RANT1 #53bis meeting, Jun. 30-Jul. 4, 2008;
R1-081948 “Proposals for ITE-Advanced Technologies”,
NTT Docomo, 3GPP TSG RAN1 #53rd, May 5-9, 2008

SUMMARY OF INVENTION
Technical Problem

For the reasons described above, there has been demand for
a method for feeding back the uplink control signaling to the
base station effectively and easily under the condition where
the uplink system bandwidth and the downlink system band-
width of the LTE-Advanced system are asymmetric to each
other. It has been also demanded that such a method should
allow application of the existing mechanisms related to the
conventional LTE system to the LTE-Advanced system, as
much as possible, so as to (i) ensure compatibility between
the LTE system and the LTE Advanced system and (ii) sup-
port a smooth change from the LTE system to the LTE-
Advanced system.

Solution to Problem

In order to attain the object, a base station of the present
invention, for use in a communication system in which the
base station and a user device are wirelessly communicable
with each other when the user device is in a cell of the base
station, includes: sending/receiving means for sending/re-
ceiving signaling and data to/from the user device in the cell
of' the base station; resource allocation means for (i) dividing
a downlink system bandwidth of the communication system
into a plurality of downlink basic bandwidths (also called
“component carriers”) and (ii) carrying out allocation of
resource blocks of PUCCH (Physical Uplink Control Chan-
nel); sequence allocation means for allocating a sequence(s)
to downlink basic bandwidth(s) allocated to the user device
among the plurality of downlink basic bandwidths, on the
basis of the number of the downlink basic bandwidths allo-
cated to the user device, so that uplink control signaling
information in each of the downlink basic bandwidth(s) allo-
cated to the user device is fed back to the base station; and
resource scheduling transmission optimizing means for (i)
obtaining the uplink control signaling information corre-
sponding to each of the downlink basic bandwidth(s) allo-
cated to the user device, on the basis of setting of the se-
quence(s) allocated by the sequence allocation means and (ii)
optimizing downlink resource scheduling and downlink
transmission on the basis of the uplink control signaling infor-
mation thus obtained.

Note that the feedback information is SR (Scheduling
Request), ACK (Acknowledgement)/NACK (Negative
Acknowledgement), CQI (Channel Quality Indicator), or any
combination thereof.

According to the arrangement, the base station carries out
allocation of the sequences on the basis of the number of
downlink basic bandwidths allocated to the user device, so
that the uplink control signaling in each of the downlink basic
bandwidth(s) allocated to the user device is fed back to the
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base station. Each of the sequences is mapped on a corre-
sponding piece of an uplink resource.

This makes it possible to feedback the uplink control sig-
naling information easily and highly efficiently, while using a
feedback mechanism of a conventional LTE system as it is.
Further, such feedback is even applicable to a case where the
uplink system bandwidth and the downlink system band-
width do not coincide with each other, which case would be
generated with the next generation wireless communication
system.

Further, in order to attain the object, a user device of the
present invention, for use in a communication system in
which the user device and a base station are wirelessly com-
municable with each other when the user device is in a cell of
the base station, includes: sending/receiving means for send-
ing/receiving signaling and data to/from the base station;
feedback information generation means for (i) detecting each
of'a downlink basic bandwidth(s) which has been allocated to
the user device among a plurality of downlink basic band-
widths into which a downlink system bandwidth of the com-
munication system is divided, and (ii) generating, for each of
the downlink basic bandwidth(s) allocated to the user device,
uplink control signaling information to be fed back to the base
station; and information feedback means for (i) determining a
format of a corresponding uplink control channel on the basis
of content of the uplink control signaling information in each
of the downlink basic bandwidth(s) allocated to the user
device, and (i1) mapping the uplink control signaling infor-
mation on a corresponding piece of an uplink resource on the
basis of a sequence(s) which has been allocated to the user
device by the base station, so as to feed back the uplink
control signaling information to the base station.

According to the arrangement, the user device (i) detects
each ofthe downlink basic bandwidth(s) allocated to the user
device, (ii) obtains, for each of the downlink basic band-
width(s) allocated to the user device, the information to be fed
back, and (iii) feeds back the information to the base station
on the basis of the sequence(s) allocated to the user device by
the base station.

Further, in order to attain the object, a communication
system of the present invention includes the foregoing base
station and the foregoing user device.

Note that the base station and the user device can be real-
ized by a computer. In this case, the scope of the present
invention encompasses: a program for controlling the base
station, which realizes the base station on a computer by
causing the computer to function as each of the foregoing
means of the base station; a program for controlling the user
device, which realizes the user device on a computer by
causing the computer to function as each of the foregoing
means of the user device; and a computer-readable storage
medium in which at least one of the program for controlling
the base station and the program for controlling the user
device is stored.

Advantageous Effects of Invention

According to the method and arrangements described
above, the feedback resource of the uplink is increased.
Therefore, the user device can use an existing feedback
mechanism of the LTE system when feeding back the uplink
control signaling in each of the downlink basic bandwidths
allocated to the user device. This (i) solves the problem gen-
erated by the fact that the uplink system bandwidth and the
downlink system bandwidth of the LTE-Advanced system do
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4

not coincide with each other, and also (ii) ensures a smooth
change from the LTE system to the LTE-Advanced system.

BRIEF DESCRIPTION OF DRAWINGS

Preferable examples of the present invention will be
described below with reference to the attached drawings. The
foregoing object, features, and advantages of the present
invention can be understood more clearly with such
examples.

FIG. 1 is a view schematically illustrating an LTE-Ad-
vanced system in accordance with an embodiment of the
present invention.

FIG. 2 is a block diagram illustrating a base station
included in the LTE-Advanced system.

FIG. 3 is a block diagram illustrating a user device com-
patible with LTE-Advanced, in accordance with the embodi-
ment of the present invention.

FIG. 4 is a flowchart showing how a method for feeding
back uplink control signaling is carried out, in accordance
with the embodiment of the present invention.

FIG. 5 is a view illustrating how a downlink system band-
width is divided into a plurality of downlink basic bandwidths
by a resource allocation section of the base station.

FIG. 6 is a view illustrating how PUCCH resource blocks
are equally allocated to uplink basic bandwidths in an uplink
system bandwidth by the base station.

FIG. 7 is a view illustrating how the PUCCH resource
blocks are allocated to a single uplink basic bandwidth in the
uplink system bandwidth by the base station.

FIG. 8 is a view illustrating how the PUCCH resource
blocks are arbitrarily allocated to two uplink basic band-
widths in the uplink system bandwidth.

FIG. 9 is a view illustrating how sequence numbers are
allocated in accordance with the number of downlink basic
bandwidths allocated to each user device.

FIG. 10 is a view illustrating how to allocate the PUCCH
resource blocks to two uplink basic bandwidths in accordance
with the #K__ sequence numbers.

FIG. 11 is a view illustrating how the PUCCH resource is
sectionalized (divided) in accordance with the embodiment
of the present invention, in which code multiplex is carried
out in a resource block of a single frequency range by use of
a plurality of sequence numbers.

FIG. 12 is a view illustrating how the PUCCH resource is
sectionalized (divided) in accordance with the embodiment
of the present invention, in which frequency multiplex is
carried out by use of a plurality of resource blocks of different
frequency ranges.

FIG. 13 is a view illustrating how the PUCCH resource is
sectionalized (divided) in accordance with the embodiment
of the present invention, in which the code multiplex and the
frequency multiplex are carried out simultaneously.

FIG. 14 is a view illustrating how the user device carries out
cyclic CQI feedback for each of the downlink basic band-
widths allocated to the user device.

FIG. 15 is a view illustrating how the user device carries out
ACK/NAK feedback for each of the downlink basic band-
widths allocated to the user device.

FIG. 16 is a view illustrating how the user device transmits
an uplink resource scheduling request SR (Scheduling
Request) for transmitting uplink data.

FIG. 17 is a view illustrating how the user device feeds
back uplink control signaling in the uplink basic bandwidth to
the base station on the basis of (i) the downlink basic band-
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widths allocated to the user device and (ii) sequence numbers
corresponding to the downlink basic bandwidths.

DESCRIPTION OF EMBODIMENTS

A preferable embodiment of the present invention is
described below with reference to drawings. Note that details
and functions which are unnecessary for the present invention
to be understood are omitted here so that the present invention
is clearly understood.

Further, specific examples of the present invention are
described below so that an embodiment for realizing the
present invention is fully understood in detail. These
examples are applicable to a cellular mobile communication
system compatible with LTE-Advanced. Note, however, that
the present invention is not limited to what is described in
these specific examples and is applicable to other mobile
communication systems.

FIG. 1 is a view schematically illustrating an LTE-Ad-
vanced system 100. The LTE-Advanced system 100 of the
present embodiment includes a single base station (eNode B)
101 and a plurality of user devices 102 (user devices 102a
through 102¢) in a single wireless cell (cell) 105. Note that the
plurality of user devices 102a through 102¢ are merely
referred to as the “user device 102” in the following descrip-
tions in a case where a corresponding description is directed
to not a specific one of the plurality of user devices 102a
through 102e but any one of the plurality of user devices 102a
through 102e. The base station 101 illustrated in FIG. 1 is a
service control center of the communication system 100, and
carries out (i) resource scheduling of the user device 102 in
the wireless cell 105 and (ii) transmission of data related to
data services.

The communication system 100 employs a downlink band-
width (hereinafter, referred to as “downlink system band-
width”) 50 of 100 MHz. The base station 101 divides the
downlink system bandwidth 50 into downlink basic band-
widths of 20 MHz (i.e. downlink basic bandwidths 51 through
55). Note that an uplink system bandwidth is also divided into
a plurality of uplink basic bandwidths. Such a plurality of
downlink basic bandwidths and a plurality of uplink basic
bandwidths are also called “component carriers”. The plural-
ity of user devices 102 are distributed randomly in the wire-
less cell 105. Each of the plurality of user devices 102 has its
downlink bandwidth which is determined by the base station
101 on the basis of a type of a service that is being received on
that user device 102, a channel condition, and other elements.
Such a downlink bandwidth of the user device 102 may be
identical with an entire downlink system bandwidth, or a
single or a plurality of downlink basic bandwidths.

For example, FIG. 1 illustrates an example in which the
downlink bandwidth of 100 MHz is divided into the downlink
basic bandwidths 51 through 55 of 20 MHz, among which the
downlink basic bandwidths 51, 52, 53, and 55 are allocated to
the user device 102a. To the user device 1025, the downlink
basic bandwidths 52 and 53 are allocated. To the user device
102¢, the downlink basic bandwidths 51, 53, and 54 are
allocated. To the user device 1024, all of the downlink basic
bandwidths 51 through 55 are allocated. To the user device
102e, the downlink basic bandwidth 55 is allocated.

The present embodiment deals with a case where there are
five user devices 1024 through 102¢ in the wireless cell 105.
Note, however, that the number of the user devices 102 is not
limited to this.

FIG. 2 is a block diagram illustrating a main part of the base
station 101 of the present embodiment. The base station 101
of the present embodiment includes sending/receiving sec-
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tion (sending/receiving means) 1010, a resource allocation
section (resource allocation means) 1011, a sequence alloca-
tion section (sequence allocation means) 1012, and aresource
scheduling transmission optimizing section (resource sched-
uling transmission optimizing means) 1013 (see FIG. 2).

The sending/receiving section 1010 sends/receives control
signaling and user data to/from the user device 102 in the
wireless cell 105.

The resource allocation section 1011 divides the downlink
system bandwidth into a plurality of downlink basic band-
widths, and allocates a piece of a resource of an uplink control
channel to each of the downlink basic bandwidth thus
obtained. Further, the resource allocation section 1011 simul-
taneously allocates resource blocks to an uplink control chan-
nel PUCCH (Physical Uplink Control Channel) which
includes uplink control signaling information.

In order to feed back, to the base station 101, the uplink
control signaling information included in the uplink basic
bandwidth corresponding to the user device 102, the
sequence allocation section 1012 carries out, on the basis of
the number of the downlink basic bandwidths allocated to the
user device 102, allocation of (i) resource blocks of frequency
ranges and/or (ii) sequences, either of which indicate pieces
of a resource of uplink control signaling information in the
uplink basic bandwidth, which pieces correspond to the
downlink basic bandwidths allocated to the user device 102.
A single sequence corresponds to a piece of the resource of
the uplink control signaling information. Further, the single
sequence allocated to the user device 102 corresponds to a
piece of the resource of an uplink control channel of a corre-
sponding single uplink basic bandwidth in the uplink system
bandwidth.

The resource scheduling transmission optimizing section
1013 obtains feedback information in the uplink basic band-
width allocated to the user device 102, i.e., the uplink control
signaling information, on the basis of the known sequence
allocated to the user device 102 by the sequence allocation
section 1012. Then, the resource scheduling transmission
optimizing section 1013 optimizes downlink resource sched-
uling and downlink transmission in accordance with (i)
downlink CQI (channel quality indicator) and (ii) a response
(ACK/NACK) to a hybrid automatic repeat request (HARQ),
which CQI and ACK/NACK are included in the uplink con-
trol signaling information thus obtained. Here, the optimiza-
tion is carried out by use of an algorithm defined in a 3GPP
specification. For example, in accordance with (i) the down-
link CQI (channel quality indicator) obtained from the uplink
control signaling information (ii) a downlink data amount of
the user device 102 and (iii) a downlink data amount of the
entire system, the resource scheduling transmission optimiz-
ing section 1013 carries out allocation of data resource blocks
ofthe user device 102 and/or data resource blocks of the entire
system in a PDSCH (physical downlink shared channel) so
that (i) a data transmission throughput of the user device 102
becomes its maximum or (ii) an average data transmission
throughput of all of the plurality of user devices 102 in the
system becomes its maximum. Further, the resource sched-
uling transmission optimizing section 1013 transmits data of
the user device 102 to the user device 102 again in response to
the response (ACK/NACK) to the hybrid automatic repeat
request HARQ.

FIG. 3 is ablock diagram illustrating a main part of the user
device 102 of the present embodiment. The user device 102 of
the present embodiment includes a sending/receiving section
(sending/receiving means) 1020, a feedback information (up-
link control signaling information) generation section (feed-
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back information generation means) 1021, and information
feedback section (information feedback means) 1022 (see
FIG. 3).

The sending/receiving section 1020 sends/receives the
control signaling and the user data to/from the base station
101.

The feedback information generation section 1021 carries
out detection of each of the downlink basic bandwidths allo-
cated to the user device 102, and generates, for each of the
downlink basic bandwidths, the feedback information (i.e.
the uplink control signaling information) to be fed back to the
base station 101.

The information feedback section 1022 maps the feedback
information of each of the uplink basic bandwidths, generated
by the feedback generation section 1021, on a corresponding
piece of a resource of the uplink control information, on the
basis of the sequence allocated to the user device by the
sequence allocation section 1012 of the base station 101.
Such mapping is carried out by use of an appropriate format
of'the uplink control channel, defined by the 3GPP specifica-
tion. The information feedback section 1022 thus feeds back
the feedback information to the base station 101.

FIGS. 2 and 3 specifically illustrate how the respective base
station 101 and user device 102 of the present embodiment
are constituted by modules (i.e. the sections described above).
Note, however, that it is obvious for a person skilled in the art
that the present embodiment is not limited to the specific
modules described above and can be realized (i) by integrat-
ing, dividing, or differently combining part of or all of such
modules, or (ii) by software, hardware, or their combination.

For a specific arrangement of the LTE system of the present
embodiment and a specific mechanism for the uplink and
downlink, TS36.213V8.3.0, “Evolved Universe LTE terres-
trial Radio Access (E-UTRA); Physical Layer Procedures”,
by 3GPP (the international organization for standardization),
may be cited as a reference.

For a specific method for carrying out the mapping with
respect to a physical resource of the uplink control channel of
the LTE system of the present embodiment, TS36.211V8.3.0,
“Evolved universal terrestrial Radio Access (E-UTRA);
Physical Channels and Modulation”, by 3GPP (the interna-
tional organization for standardization), may be cited as a
reference.

FIG. 4 is a flowchart showing how the uplink control sig-
naling information is fed back in accordance with the present
embodiment.

The following description explains how the uplink control
signaling information is fed back in the LTE-Advanced sys-
tem of the present embodiment in detail with reference to
FIGS. 4 through 17.

(Step for Informing Uplink/Downlink Basic Bandwidth Set-
ting Information, Carried Out by Base Station (S401))

First, the resource allocation section 1011 of the base sta-
tion 101 (i) divides the uplink/downlink system bandwidth
into a plurality of basic bandwidths, and (ii) informs, via
upper layer signaling, to each of the plurality of user devices
102 in the wireless cell 105 of the base station 101, setting
information indicating the uplink and downlink basic band-
widths allocated to such a user device 102 (S401). FIG. 5
illustrates how the downlink system bandwidth is divided into
a plurality of downlink basic bandwidths by the resource
allocation section 1011 of the base station 101.

Then, the resource allocation section 1011 of the base
station 101 allocates the resource blocks to the uplink control
channel PUCCH (Physical Uplink Control Channel) which
includes the uplink control signaling information (S402). The
uplink system bandwidth of the present embodiment is 40

40

45

50
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MHz, which is equal to two uplink basic bandwidths. Uplink
transmission can be carried out by SC-FDMA (Single-Carrier
FDMA), OFDMA (Orthogonal Frequency Division Multiple
Access), or their combination.
(Step for Allocating PUCCH Resource Blocks, Carried Out
by Base Station (S402))

The following description deals with three specific
examples each showing how the uplink control channel
PUCCH resource blocks are allocated by the resource allo-
cation section 1011 of the base station 101 of the present
embodiment (which corresponds to S402).

Specific Example 1-1

FIG. 6 is a view illustrating how the PUCCH resource
blocks are equally allocated to the uplink basic bandwidths by
the base station 101 on the basis of the uplink system band-
width. According to the present specific example, the
PUCCH resource blocks in the uplink system bandwidth are
equally allocated to each of the plurality of uplink basic
bandwidths (see FIG. 6). This example is particularly prefer-
able in a case where the uplink system bandwidth and the
downlink system bandwidth are equal to each other.

Specific Example 1-2

FIG. 7 is a view illustrating how all of the PUCCH resource
blocks are allocated to one of the plurality of uplink basic
bandwidths in the uplink system bandwidth by the base sta-
tion 101. According to the present specific example, all of the
PUCCH resource blocks are aggregated in a first uplink basic
bandwidth (a left uplink basic bandwidth shown in FIG. 7),
while no PUCCH resource block is allocated to a second
uplink basic bandwidth (a right uplink basic bandwidth
shown in FIG. 7).

Specific Example 1-3

FIG. 8 is a view illustrating how the PUCCH resource
blocks are arbitrarily allocated to two uplink basic band-
widths in the uplink system bandwidth by the base station
101. According to the present specific example, n pieces of
the PUCCH resource blocks are allocated to the first uplink
basic bandwidth (the left uplink basic bandwidth shown in
FIG. 8), as illustrated in FIG. 8. Accordingly, the number of
PUCCH resource blocks, allocated to the second uplink basic
bandwidth (the right uplink basic bandwidth shown in FIG. 8)
can be obtained by subtracting the number n (which is the
number of the PUCCH resource blocks allocated to the first
uplink basic bandwidth) from a total number of the PUCCH
resource blocks in the entire uplink system bandwidth. This
example allows the PUCCH resource blocks to be arbitrarily
allocated to two uplink basic bandwidths.

How to allocate the PUCCH resource blocks in the fore-
going three specific examples is specifically described in
TS36.211V8.3.0, “Evolved Universe LTE Terrestrial Radio
Access (E-UTRA); Physical Channels and Modulation”, by
3GPP (the international organization for standardization).
The base station 101 informs the setting information to each
of'the plurality of user devices 102 in the wireless cell 105 of
the base station 101.

(Step for Allocating Sequences of PUCCH Resource, Carried
Out by Base Station (S403))

The sequence allocation section 1012 of the base station
101 carries out allocation of sequences of the PUCCH
resource of the uplink signaling information in the uplink
basic bandwidth on the basis of the number of downlink basic
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bandwidths allocated to the user device 102, so that the user
device 102 feeds back, to the base station 101, the uplink
control signaling information (i.e. the feedback information)
included in the uplink basic bandwidth allocated to the user
device 102 (S403).

The PUCCH resource is constituted by the plurality of
PUCCH resource blocks which are frequency ranges and a
plurality of cyclic shift sequences CS (Cyclic Shift) which are
obtained by causing a single sequence to be subjected to
cyclic-shifting. FIG. 11 illustrates an arrangement of the
PUCCH resource, in which the PUCCH resource is consti-
tuted by the plurality of PUCCH resource blocks (horizon-
tally-long rectangles shown in FIG. 11) defined by frequency
axes (f), and a plurality of cyclic shift sequences CS (verti-
cally-long rectangles shown in FIG. 11) defined by sequence
number axes. A single PUCCH resource block includes 12
cyclic shift sequences CS (hereinafter, merely referred to as
“sequence”).

The following description deals with three specific
examples each showing how the sequence numbers are allo-
cated to pieces of the PUCCH resource in the uplink basic
bandwidth by the sequence allocation section 1012 of the
base station 101 on the basis of the number of the plurality of
downlink basic bandwidths allocated to the user device 102.

According to Example 1, the pieces of the PUCCH
resource of the uplink control signaling information, corre-
sponding to the sequence numbers thus allocated, are in a
single uplink basic bandwidth with respect to a single user
device 102, regardless of the number of the downlink basic
bandwidths allocated to the user device 102. This corre-
sponds to the case illustrated in FIG. 7, for example.

According to Example 2, the pieces of the PUCCH
resource of the uplink control signaling information, corre-
sponding to the sequence numbers thus allocated, are in a
plurality of uplink basic bandwidths with respect to a single
user device 102, in accordance with the number of the down-
link basic bandwidths allocated to the user device 102. This
corresponds to either the case illustrated in FIG. 6 or the case
illustrated in FIG. 8, for example.

Example 3 shows a case where the uplink system band-
width and the downlink system bandwidth are equal to each
other. According to Example 3, with respect to a single user
device 102, the pieces of PUCCH resource of the uplink
control signaling information, corresponding to the sequence
numbers thus allocated, are in uplink basic bandwidths cor-
responding to the downlink basic bandwidths allocated to the
user device 102.

Unlike Examples 1 through 3, FIG. 9 illustrates how to
allocate the sequence numbers in accordance with the number
of' downlink basic bandwidths allocated to each of the plural-
ity of user devices 102. In the example illustrated in FIG. 9,
there are nl pieces, n2 pieces, n3 pieces, n4 pieces, and n5
pieces of the plurality of user devices 102 in respective down-
link basic bandwidths 95, 96, 97, 98, and 99 of a downlink
system bandwidth 91. The total number of sequences thus
allocated is #K,,,. which is equal to the total number of the
plurality of user devices 102. Five contiguous downlink basic
bandwidths are allocated to a first user device 102 so that the
pieces of the PUCCH resource, corresponding to the
sequence numbers #1 through #5 which correspond to the
respective five contiguous downlink basic bandwidths, are
allocated to the first user device 102. Non-contiguous three
downlink basic bandwidths are allocated to a second user
device 102 so that the pieces of the PUCCH resource, corre-
sponding to the sequence numbers #6 through #8 which cor-
respond to the respective non-contiguous three downlink
basic bandwidths, are allocated to the second user device 102.

5

10

15

20

25

30

35

40

45

50

55

60

65

10

In the similar manner, a single downlink basic bandwidth is
allocated to the nth user device 102 so that the piece of the
PUCCH resource, corresponding to the sequence number
#K,,,, which corresponds to the single downlink basic band-
width, is allocated to the nth user device 102.

FIG. 10 is a view illustrating how to allocate the pieces of
the PUCCH resource, corresponding to the respective #K,,,
sequence numbers, to two uplink basic bandwidths. The
#K,., sequence numbers are allocated, in a dispersed manner,
to corresponding pieces of the PUCCH resource, in accor-
dance with the number of the PUCCH resource blocks allo-
cated in the uplink (in S402). For example, the pieces of the
PUCCH resource, which correspond to the respective
sequence numbers #1 through #5 and are allocated to the first
user device 102 (see FIG. 9), are provided in a first uplink
basic bandwidth (the left uplink basic bandwidth shown in
FIG. 10). In the similar manner, the piece of the PUCCH
resource, which corresponds to the sequence number #K_,
and is allocated to the nth user device 102 (see FIG. 9), is
provided in a second uplink basic bandwidth (the right uplink
basic bandwidth shown in FIG. 10).

The PUCCH resource includes (i) a frequency range
resource (the resource blocks) and (ii) a sequence (code)
range resource (see FIG. 11).

The following description deals with three examples each
showing how to sectionalize the PUCCH resource informa-
tion, with reference to FIG. 11 through 13. Each of FIGS. 11
through 13 shows how to sectionalize (divide) the PUCCH
resource. Note that each of FIGS. 11 through 13 employs a
vertical axis for indicating the frequencies (f) and a horizontal
axis for indicating the sequence numbers.

Specific Example 2-1

A single user device 102 feeds back the uplink control
signaling information by use of a single uplink basic band-
width. The sequence numbers allocated to the user device 102
are mapped (allocated) on a resource block of a single fre-
quency range. Pieces of the uplink control signaling informa-
tion, corresponding to different downlink basic bandwidths,
are defined by sequence by use of different sequence numbers
(code multiplex). FIG. 11 is a view illustrating how code
multiplex is carried out by use of a plurality of sequence
numbers in a resource block of a single frequency region.

Specific Example 2-2

A single user device 102 feeds back the uplink control
signaling by use of a single uplink basic bandwidth. The
sequence numbers allocated to the user device are identical
with each other and are mapped (allocated) on M contiguous
resource blocks of different frequency ranges. Here, “M” is
equal to the number of the downlink basic bandwidths for
each of which the user device 102 is to feed back the uplink
control signaling information. Accordingly, pieces of the
feedback information, corresponding to different downlink
basic bandwidths, are defined by frequency by use of resource
blocks of different frequency ranges (frequency multiplex).
FIG. 12 is a view illustrating how frequency multiplex is
carried out by use of a single sequence number and resource
blocks of different frequency ranges.

Specific Example 2-3
A single user device 102 feeds back the uplink control

signaling by use of a single uplink basic bandwidth. Accord-
ing to Specific Example 2-3, in a case where the sequence
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numbers allocated to the user device 102 are identical with
each other, the sequence numbers are mapped (allocated) on
contiguous resource blocks of different frequency ranges.
Further, in a case where different sequence numbers are allo-
cated to the user device 102, the different sequence numbers
are mapped (allocated) on a single resource block of a single
frequency range. Accordingly, the pieces of the feedback
information, corresponding to different downlink basic band-
widths, are defined (i) by code by use of different sequence
numbers or (ii) by frequency by use of resource blocks of
different frequency ranges. F1G. 13 is a view showing how the
code multiplex and the frequency multiplex are carried out
simultaneously.

(Step for Generating Feedback Information, Carried Out by
User Device (S404))

Next, the feedback information generation section 1021 of
the user device 102 carries out detection for each of the
downlink basic bandwidths allocated to the user device 102,
and generates, for each of the downlink basic bandwidths, the
uplink control signaling information (i.e. the feedback infor-
mation) to be fed back (S404).

The following description deals with three specific
examples each showing how a process of the step S404 pro-
ceeds, with reference to FIGS. 14 through 16. Each of FIGS.
14 through 16 illustrates how the process is carried out by the
feedback information generation section 1021.

Specific Example 3-1

FIG. 14 is a view illustrating how the user device 102
carries out cyclic CQI feedback with respect to the downlink
basic bandwidths allocated to the user device 102. For the
cyclic CQI (channel quality indicator) feedback, the user
device 102 carries out calculation with respect to the CQI in
each of the downlink basic bandwidths which have been
allocated to the user device 102 by the base station 101, on the
basis of an operation mode in each of the downlink basic
bandwidths thus allocated (see FIG. 14). Such calculation is
carried out on the basis of a feedback mode described in a
known LTE Release 8 (Rel-8) specification.

Specific Example 3-2

FIG. 15 is a view illustrating how the user device 102
carries out ACK/NACK feedback with respect to the down-
link basic bandwidths allocated to the user device 102. For the
HARQ (hybrid automatic repeat request) feedback, the user
device makes a response (ACK/NACK) to a HARQ (hybrid
automatic repeat request) transmitted from the base station
101 to each of the downlink basic bandwidths thus allocated
(see FIG. 15).

Specific Example 3-3

FIG. 16 is a view illustrating how the user device 102
transmits an uplink resource scheduling request SR for trans-
mitting uplink data. For the transmission of the scheduling
request SR, the user device 102 transmits, in response to a
request for uplink data transmission, the scheduling request
SR to the base station 101 via a specific uplink basic band-
width which has been determined in advance between the
user device 102 and the base station 101 (see FIG. 16).

Further, on the basis of the downlink basic bandwidths
allocated to the user device 102, the user device 102 feeds
back information of a combination of ACK/NACK and CQI
to the base station 101.
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(Step for Determining PUCCH Format, Carried Out by User
Device (S405))

The information feedback section 1022 of the user device
102 determines a format of the uplink control channel
PUCCH onthe basis of content of the feedback information in
each of the downlink basic bandwidths thus allocated (S405).
Such determination is carried out on the basis of a mechanism
ofaknown LTE system. The feedback information can be SR,
ACK/NACK, CQI, or any combination thereof, for example.
The format of the uplink control channel PUCCH may be
specifically determined on the basis of content of
TS36.213V8.3.0 and TS36.211V8.3.0, by the international
organization 3GPP for standardization.

(Step for Feeding Back, Carried Out by User Device (S406))

The information feedback section 1022 of the user device
102 (i) associates the sequences allocated to the user device
102 with the target feedback information in the downlink
basic bandwidths thus allocated, and (ii) maps, on corre-
sponding pieces of the uplink resource, the feedback infor-
mation by use of the sequences thus allocated, so as to feed
back the feedback information to the base station 101 (S406).
FIG. 17 illustrates how the process is carried out by the
information feedback section 1022. FIG. 17 is a view illus-
trating how the user device 102 feeds back, to the base station
101, the uplink control signaling information in the uplink
basic bandwidth (i.e. the feedback information) on the basis
of (i) the downlink basic bandwidths allocated to the user
device 102 and (ii) corresponding sequence numbers.

(Step for Allocating Downlink User Data Resource Carried
Out by Base Station (S407))

The resource scheduling transmission optimizing section
1013 of the base station 101 obtains the feedback information
related to each of the downlink basic bandwidths of each user
device 102 by use of the known sequence numbers, and
optimizes (i) the resource scheduling (allocation) of the
downlink user data and (ii) downlink transmission (S407).

Then, the steps S401 through S407 are repeated.

It becomes thus possible to ensure normal communication
between the base station 101 and all of the plurality of user
devices 102 in the wireless cell 105 by repeating the steps
S401 through 406 (see FIG. 4).

As described above, the present embodiment of the present
invention provides the following method for feeding back the
uplink control signaling information. That is, the base station
101 allocates the resource blocks to the uplink control chan-
nel PUCCH. Further, the base station 101 also allocates the
sequence(s) to each of the user devices 102 on the basis of the
number of the downlink basic bandwidth(s), so that the down-
link control signaling information related to the uplink con-
trol information of each user device 102 is fed back. Each user
device 102 works out the feedback information of the uplink
control signaling information in each of the system band-
widths based on the sequence(s) thus allocated, and feeds
back the feedback information to the base station 101 by use
of the piece of the resource, corresponding to each of the
sequence(s). This solves the problem of how to feed back the
uplink control signaling information in a case where the
uplink system bandwidth and the downlink system band-
width in the LTE-Advanced system are asymmetric to each
other. Further, it is also possible to ensure a smooth change
from the LTE system to the LTE-Advanced system because
the mechanism related to the conventional LTE system can be
used as it is in the LTE-Advanced system. For the reasons
described above, the technical method of the present embodi-
ment of the present invention is applicable to modulations in
practice, and provides an important logical basis and a spe-
cific method for realizing the present invention to systems
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such as Beyond the 3rd Generation (B3G) Mobile Commu-
nication System, the 4th Generation Mobile Communication
System, a digital television broadcasting, the WLLAN (Wire-
less Local Access Network), the Mesh, AdHoc, Censor Net-
work (self-organizing network), the e-Home, and WWAN
(Wireless Wide area Access Network).

The present invention is not limited to the descriptions of
the embodiment above, but may be altered by a skilled person
within the scope of the claims. An embodiment based on a
proper combination of technical means disclosed in different
embodiments is encompassed in the technical scope of the
present invention.

Last but not least, the blocks of the base station 101 and the
user device 102, particularly, the sending/receiving section
1010, the resource allocation section 1011, the sequence allo-
cation section 1012, the resource scheduling transmission
optimizing section 1013 of the base station 101, and the
sending/receiving section 1020, the feedback information
generation section 1021, the information feedback section
1022 of the user device 102, can be realized by a hardware
logic or by software by use of a CPU (Central Processing
Unit) as described below.

Thatis, each of the base station 101 and the user device 102
includes: the CPU (central processing unit) which executes an
instruction of a control program realizing each of the func-
tions described above; a ROM (read only memory) in which
the program is stored; a RAM (random access memory)
which develops the program; a storage device (storage
medium), such as a memory, in which the program and vari-
ous kinds of data are stored; and the like. Further, the object of
the present invention can be achieved in the following man-
ner: (i) a storage medium for computer-readably storing a
program code (an execute form program, intermediate code
program, or source program) of the control program of each
of the base station 101 and the user device 102, which is
software for implementing the aforementioned functions, is
provided to the base station 101 and the user device 102, and
(i1) acomputer (or a CPU or a MPU (Microprocessor Unit)) of
each of the base station 101 and the user device 102 reads out
the program code stored in the storage medium so as to
execute the program.

Examples of the storage medium encompass: tapes, such as
magnetic tapes and cassette tapes; disks including magnetic
disks, such as floppy disks (registered trademark) and hard
disks, and optical disks, such as CD-ROMs (Compact Disc
Read-Only Memories), MOs (Magnetic Optical Disks), MDs
(mini disks), DVDs (digital video disks), and CD-Rs (CD
Recordable); cards, such as IC cards (including memory
cards) and optical cards; and semiconductor memories, such
as mask ROMs, EPROMs (Erasable Programmable Read-
Only Memory), EEPROMs (Electrically Erasable and Pro-
grammable Read-Only Memory), and flash ROMs.

Further, each of the base station 101 and the user device
102 can be made connectable to a communication network,
and the program code can be supplied via the communication
network. The communication networks are not limited to
specific means. Examples of the communication network
encompass the Internet, an intranet, an extranet, a LAN (Lo-
cal Area Network), an ISDN (Integrated Services Digital
Network), a VAN (Value-Added Network), a CATV (Com-
munity Antenna Television) communication network, a vir-
tual private network, a telephone line network, a mobile com-
munication network, a satellite communication network, and
the like. Furthermore, a transmission medium constituting the
communication network is not particularly limited. Specifi-
cally, it is possible to use a wired line such as a line in
compliance with an IEEE (Institute of Electrical and Elec-
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tronic Engineers) 1394 standard, a USB line, a power line, a
cable TV line, a telephone line, an ADSL (Asynchronous
Digital Subscriber Loop) line, and the like, as the transmis-
sion medium. Moreover, itis possible to use (i) a wireless line
utilizing an infrared ray used in IrDA (Infrared Data Associa-
tion) and a remote controller, (ii) a wireless line which is in
compliance with a Bluetooth standard (registered trademark)
or an IEEER02.11 wireless standard, and (iii) a wireless line
utilizing an HDR (High Data Rate), a mobile phone network,
a satellite line, a terrestrial digital network, and the like, as the
transmission medium. Note that, the present invention can be
realized by a computer data signal which is realized by elec-
tronic transmission of the program code and which is embed-
ded in a carrier wave.

Further, the present invention can be arranged as described
below.

The object of the present invention is to provide a method
for feeding back the uplink control signaling information,
described below. That is, the base station allocates a required
resource to the uplink control channel. Then, the base station
carries out allocation of the sequence(s) on the basis of the
number of the downlink basic bandwidths allocated to the
user device so that the uplink control signaling information in
the downlink basic bandwidth(s) allocated to the user device
is fed back to the base station. Each of the sequence(s) is
mapped on a corresponding piece(s) of the uplink resource.
The user device carries out detection of each of the downlink
basic bandwidth(s) allocated to the user device and feeds back
the target information in each of the downlink basic band-
width(s) to the base station on the basis of the sequence
allocated to each of the downlink basic bandwidth(s).
According to the technical method described above, it
becomes possible to feed back the uplink control signaling
information easily and highly efficiently while using the con-
ventional feedback mechanism. Further, the method is suit-
ably applicable to such a case that the uplink system band-
width and the downlink system bandwidth do not coincide
with each other, which case is considered as occurring with
the next generation wireless communication system.

In order to attain the object, according to one aspect of the
present invention, a method of the present invention, for feed-
ing back uplink control signaling information, includes: a first
step in which a base station divides a downlink system band-
width into a plurality of downlink basic bandwidths, and
informing, via broadcasting of a system, information on such
aplurality of downlink basic bandwidths to a plurality of user
devices in a cell of the base station; a second step in which the
base station allocates, to each of a plurality of uplink basic
bandwidths, resource blocks (RB) for a physical uplink con-
trol channel (PUCCH); a third step in which the base station
carries out allocation of sequences on the basis of the number
of' downlink basic bandwidths allocated to each of the plural-
ity of user devices, so that each of the plurality of user devices
feeds back, to the base station, uplink control signaling infor-
mation in each of the downlink basic bandwidth(s) allocated
to such a user device; a fourth step in which each of the
plurality of user devices (i) carries out detection of each of the
downlink basic bandwidth(s) allocated to such a user device,
(ii) obtains, for each of the downlink basic bandwidths allo-
cated to such a user device, the uplink control signaling infor-
mation to be fed back, and (iii) feeds back the uplink control
signaling information to the base station by use of a corre-
sponding piece of an uplink resource; and a fifth step in which
the base station obtains feedback information (i.e. the uplink
control signaling information) in each of the downlink basic
bandwidth(s) allocated to each of the plurality of user
devices, on the basis of the known sequences, and optimizes
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downlink resource scheduling and a transmitter on the basis
of'the feedback information thus obtained, the uplink control
signaling information including channel quality indicator
(CQI), aresponse (ACK/NACK) to a hybrid automatic repeat
request (HARQ), and a scheduling request (SR).

In order to attain the object, according to a second aspect of
the present invention, a base station of the present invention
includes: a sending/receiving section for sending/receiving
control signaling and user data to/from a user device in a cell
of the base station; a resource allocation section for dividing
a downlink system bandwidth into a plurality of downlink
basic bandwidths, and carrying out allocation of pieces of
resource of an uplink control channel; a sequence allocation
section for allocating sequences to a downlink basic band-
width(s) allocated to the user device, on the basis of the
number of the downlink basic bandwidths allocated to the
user device, so that the uplink control signaling information
in each of the downlink basic bandwidth(s) allocated to the
user device is fed back to the base station; and a resource
scheduling and transmitter optimizing section for obtaining
feedback information (i.e. the uplink control signaling infor-
mation) corresponding to each of the downlink basic band-
width(s) allocated to the user device on the basis of the known
sequences, and optimizing downlink resource scheduling and
a transmitter.

In order to attain the object, according to a third aspect of
the present invention, a user device of the present invention
includes: a sending/receiving section for sending/receiving
control signaling and user data to/from a base station; a feed-
back information generation section for detecting each of a
downlink basic bandwidth(s) allocated to the user device, and
obtaining, for each of the downlink basic bandwidth(s) allo-
cated to the user device, uplink control signaling information
to be fed back; and an information feedback section for (i)
determining a format of a corresponding uplink control chan-
nel on the basis of content of the target information in each of
the downlink basic bandwidth(s) allocated to the user device,
and (ii) mapping the uplink control signaling information on
a corresponding piece of an uplink resource on the basis of a
sequence(s) allocated to the downlink basic bandwidth(s)
allocated to the user device, so as to feed back the uplink
control signaling information to the base station.

Further, the present invention provides a communication
system including the foregoing base station and the foregoing
user device.

INDUSTRIAL APPLICABILITY

A base station of the present invention can be easily fed
back with uplink control signaling information even in a case
where an uplink system bandwidth and a downlink system
bandwidth do not coincide with each other. Therefore, the
base station of the present invention is suitably applicable to
an LTE-Advanced system such as Beyond the 3rd Generation
(B3G) Mobile Communication System or a digital television
broadcasting.
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1012: Sequence allocation section (sequence allocation
means)
1013: Resource scheduling transmission optimizing section

(resource scheduling transmission optimizing means)
1020: Sending/receiving section (sending/receiving means)
1021: Feedback information generation section (feedback

information generation means)

1022: Information feedback section (information feedback
means)

The invention claimed is:

1. A mobile communication system comprising:

a base station apparatus; and a mobile station apparatus,

wherein

the base station apparatus and the mobile station apparatus

are configured to communicate with each other on a
plurality of downlink component carriers and a plurality
of uplink component carriers,

the base apparatus configured to transmit, to the mobile

station apparatus, downlink data on the plurality of
downlink component carriers,

the mobile station apparatus configured to transmit, to the

base station apparatus, uplink data on the plurality of
uplink component carriers, wherein

the mobile station apparatus configured to transmit, to the

base station apparatus, a scheduling request using a
physical uplink control channel only on a specific uplink
component carrier, the specific uplink component car-
rier being one of the plurality of uplink component car-
riers, the specific uplink component carrier being deter-
mined in advance between the mobile station apparatus
and base station apparatus,

the mobile station apparatus configured to periodically

transmit, to the base station apparatus, a channel quality
indicator using a physical uplink control channel, the
channel quality indicator being transmitted using the
physical uplink control channel on the same uplink com-
ponent carrier as the specific uplink component carrier,
wherein

the scheduling request is used for requesting uplink

resources resource for transmitting the uplink data, and

a mode for transmission of the channel quality indicator is

configured, by the base station apparatus, for each of the
plurality of downlink component carriers.

2. A mobile station apparatus that is configured to commu-
nicate with a base station apparatus on a plurality of downlink
component carriers and a plurality of uplink component car-
riers, the mobile station apparatus comprising:

areceiving unit configured to receive, from the base station

apparatus, downlink data on the plurality of downlink
component carriers, and

a transmitting unit configured to transmit, to the base sta-

tion apparatus, uplink data on the plurality of uplink
component carriers , wherein

the transmitting unit configured to transmit, to the base

station apparatus, a scheduling request using a physical
uplink control channel only on a specific uplink compo-
nent carrier, the specific uplink component carrier being
one of the plurality of uplink component carriers, the
specific uplink component carrier being determined in
advance between the mobile station apparatus and the
base station apparatus,

the transmitting unit configured to periodically transmit, to

the base station apparatus, a channel quality indicator
using a physical uplink control channel, the channel
quality indicator being transmitted using the physical
uplink control channel on the same uplink component
carrier as the specific uplink component carrier,
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the scheduling request is used for requesting uplink
resources for transmitting the uplink data, and

a mode for transmission of the channel quality indicator is
configured, by the base station apparatus, for each of the
plurality of downlink component carriers.

3. A base station apparatus that is configured to communi-
cate with a mobile station apparatus on a plurality of down-
link component carriers and a plurality of uplink component
carriers, the base station apparatus comprising:

a transmitting unit configured to transmit, to the mobile
station apparatus, downlink data on the plurality of
downlink component carriers, and

a receiving unit configured to receive, from the mobile
station apparatus, an uplink data on the plurality of
uplink component carriers , wherein

the receiving unit configured to receive, from the mobile
station apparatus, a scheduling request using a physical
uplink control channel only on a specific uplink compo-
nent carrier, the specific uplink component carrier being
one of the plurality of uplink component carriers, the
specific uplink component carrier being determined in
advance between the mobile station apparatus and the
base station apparatus,

the receiving unit configured to periodically receive, from
the mobile station apparatus, a channel quality indicator
using a physical uplink control channel, the channel
quality indicator being transmitted using the physical
uplink control channel on the same uplink component
carrier as the specific uplink component carrier,

the scheduling request is used for requesting uplink
resources for receiving the uplink data, and

a mode for reception of the channel quality indicator is
configured, by the base station apparatus, for each of the
plurality of downlink component carriers.

4. A communication method used in a mobile station appa-
ratus that is configured to communicate with a base station
apparatus on a plurality of downlink component carriers and
a plurality of uplink component carriers, the communication
method comprising:

receiving, from the base station apparatus, downlink data
on the plurality of downlink component carriers,

transmitting uplink data to the base station apparatus on the
plurality of uplink component carriers, and

transmitting a scheduling request using a physical uplink
control channel only a specific uplink component car-
rier, the specific uplink component carrier being one of
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the plurality of uplink component carriers, the specific
uplink component carrier being determined in advance
between the mobile station apparatus and the base sta-
tion apparatus,

periodically transmitting, to the base station apparatus, a
channel quality indicator using a physical uplink control
channel, the channel quality indicator being transmitted
using the physical link control channel on the same
uplink component carrier as the specific uplink compo-
nent carrier,

the scheduling request is used for requesting uplink
resources for transmitting the uplink data, and

a mode for transmission of the channel quality indicator is
configured, by the base station apparatus, for each of the
plurality of downlink component carriers.

5. A communication method used in a base station appa-
ratus that is configured to communicate with a mobile station
apparatus on a plurality of downlink component carriers and
a plurality of uplink component carriers, the communication
method comprising:

transmitting, to the mobile station apparatus, downlink

data on the plurality of downlink component carriers,

receiving uplink data from the mobile station apparatus on
the plurality of uplink component carriers, and

receiving a scheduling request using a physical uplink con-
trol channel only a specific uplink component carrier,
the specific uplink component carrier being one of the
plurality of uplink component carriers, the specific
uplink component carrier being determined in advance
between the mobile station apparatus and the base sta-
tion apparatus,

periodically receiving, from the mobile station apparatus, a
channel quality indicator using a physical uplink control
channel, the channel quality indicator being transmitted
using the physical uplink control channel on the same
uplink component carrier as the specific uplink compo-
nent carrier,

the scheduling request is used for requesting uplink
resources for receiving the uplink data, and

a mode for reception of the channel quality indicator is
configured, by the base station apparatus, for each of the
plurality of downlink component carriers.

#* #* #* #* #*



